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METHOD FOR PROMOTING VIRUS
INFECTION AND INCREASING VIRUS
PRODUCTION, BY USING CELL LINE

HAVING LOST BST2 GENE FUNCTIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national phase under the pro-
visions of 35 U.S.C. § 371 of International Patent Applica-
tion No. PCT/KR15/05493 filed Jun. 2, 2015, which 1n turn
claims priority of Korean Patent Application No. 10-2014-
0074027 filed Jun. 18, 2014 and Korean Patent Application
No. 10-2014-0116245 filed Sep. 2, 2014. The disclosures of
such international patent application and Korean priority
patent applications are hereby incorporated herein by refer-
ence 1n their respective entireties, for all purposes.

TECHNICAL FIELD

The present invention relates to methods of promoting
viral infection and viral production using a cell line lacking,
the function of Bst2 gene, and more particularly to a method
of removing Bst2 gene from cells having the ability to
produce virus, thereby promoting the release of virus from
the cells, mhibiting the apoptosis of the cells, promoting the
viral infection of the cells, and increasing the production of
virus 1in the cells.

BACKGROUND ART

When virus infects the body, the proliferation of the virus
in the infected cells occurs, and the proliferated virus
particles bud out through the cell membrane to infect other
surrounding cells. In part of the defense mechanism of cells
against viral infection, Bst-2 tetherin) protein 1s expressed 1n
the cell membrane. The Bst-2 protein has cell membrane-
binding sites at both the N-terminus and the C-terminus, and
thus 1s expressed in the cell membrane 1n a form 1n which the
middle 1s lifted, like a bridge. The C-terminus of Bst-2 1s
located 1n the lipid raft region of the cell membrane, which
1s a speciiic region 1n which receptor activation occurs, and
the N-terminus 1s located in the non-lipid raft region. When
virus buds from the lipid rait region to the outside of the
cells, the Bst-2 protein inhibits the passage of virus particles
through the cell membrane by 1ts region fixed to the non-
lipid rait region. For this defense mechanism of mammal
cells, some viruses produce a protein that promotes the
degradation of the Bst-2 protemn i order to avoid this
mechanism of the host cells. This paradoxically indicates
that the Tunction of the Bst-2 gene strongly contributes to the
inhibition of production of virus.

Until now, for the production of viruses for producing
vaccines, a method of mnoculating seed virus into fertilized
eggs and culturing the inoculated virus has been used (KR
2012-0103737A). However, this method has very low etli-
ciency due to problems, including allergic induction, the
security of supply of fertilized eggs, and viral propagation.
In an attempt to overcome such problems, methods of
producing viral vaccines by animal cell culture have been
used (KR 2012-0033334A). These methods include a
method of producing a vaccine by culturing a large amount
of animal cells under germ-iree conditions and infecting the
cultured amimal cells with virus, a method of producing only
antigens, which induce the production of antibodies against
pathogens, by a genetic engineering method, etc. The big-
gest advantage of the method of producing vaccines by
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2

amimal cell culture 1s that the production scale can be
expanded. Specifically, the production scale can be
expanded as desired according to the culture scale of animal
cells that are used as a raw matenal for vaccine production.

However, despite such many advantages, the production
of vaccines by animal cell culture 1s not easy to achieve. This
1s because the yield per unit volume 1s somewhat lower. In
order to overcome low yields per unit volume when pro-
ducing vaccines using ammal cells, there were some
attempts to develop excellent host amimal cell lines using
genetic engineering techniques (Jang J. et al., Appl. Micro-
biol. Biotechnol 85:1509-1520, 2010), but such attempts still

remain at an insuflicient level. Thus, to optimize virus
production, the identification of a virus-producing cell line,
the improvement of culture conditions and the improvement
ol 1nfection conditions are required.

In previous studies, the present inventors found that when
the function of Bst2 gene 1n a cell line having an ability to
produce virus 1s lost, the release of the virus from the cell
line 1s promoted so that the ability to produce the virus
increases, and the apoptosis of the host cell 1s ihibited so
that the stability of the virus-producing cell line increases
(WO 2014142433).

Accordingly, the present inventors have made extensive
cllorts to find optimal methods for the production of virus
and the production of a viral antigenic protein by improving
the production yield of a target virus for producing a vaccine
using an animal cell line, and as a result, have found that, 1t
Bst2 protein 1n an animal cell line 1s removed, the release of
virus from the animal cell line will be promoted, the
apoptosis of the host cell will be inhibited, the viral infection
of the host cell will be significantly promoted, and the
production of a target virus will be increased, thereby
completing the present invention.

DISCLOSURE OF INVENTION

Technical Problem

It 1s an object of the present invention to provide a method
for promoting an infection of a target virus, the method
comprising infecting a cell line which lacks the function of
Bst2 gene and has the ability to produce virus, with a target
VIrus.

Another object of the present mvention 1s to provide a
method for increasing a production of a target virus, the
method comprising: infecting a cell line which lacks the
function of Bst2 gene and has an ability to produce virus,
with a target virus; and culturing the infected cell line.

Still another object of the present invention 1s to provide
a method for producing an antigenic protein, the method
comprising: infecting a cell line which lacks the function of
Bst2 gene and has an ability to produce virus, with a target
virus; and culturing the infected cell line.

Yet another object of the present invention 1s to provide a
method for producing a vaccine against a viral disease, the

method comprising using a viral antigenic protein produced
by the above-described method.

Technical Solution

To achieve the above objects, the present invention pro-
vides a method for promoting an infection of a target virus,
the method comprising infecting a cell line which lacks the
function of Bst2 gene and has the ability to produce virus,
with a target virus.
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The present invention also provides a method for increas-
ing a production of a target virus, the method comprising the
steps of: infecting a cell line which lacks the function of Bst2
gene and has an ability to produce virus, with a target virus;
and culturing the infected cell line.

The present mvention also provides a method for produc-
ing an antigenic protein, the method comprising the steps of:
infecting a cell line which lacks the function of Bst2 gene
and has an ability to produce virus, with a target virus; and
culturing the infected cell line.

The present invention also provides a method for produc-
ing a vaccine against a viral disease, the method comprising
using a viral antigenic protein produced by the above-
described method.

BRIEF DESCRIPTION OF THE DRAWINGS

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Oflice upon request and payment of the necessary fee.

FIG. 1 shows the results of identifying mutations 1n cell
lines (A: MDCK cell line; B: Vero cell line), which lack the
function of Bst2 gene, by PCR followed by electrophoresis.

FIG. 2 shows the results of comparing infectivity between
a wide-type cell line and cell lines lacking the function of
Bst2 gene as a function of MOI.

FIG. 3 shows the results of comparing infectivity between
a wide-type cell line and cell lines lacking the function of
Bst2 gene as a function of infection time.

FIG. 4 shows the results of comparing the increase in
intracellular viral antigenic proteins 1n total cell lysates
between a wild-type Vero cell line and a G-D35 cell line
lacking the function of Bst2 gene.

FIG. 5 shows the results of comparing the increase in
intracellular viral antigenic proteins per culture well and per
cells between a wild-type Vero cell line and a G-D5 cell line
lacking the function of Bst2 gene (A: viral antigenic proteins
per culture well; B: viral antigenic proteins per cells).

FIG. 6 shows the results of comparing the increase in
intracellular viral antigenic proteins in total cell lysates and
per cells between a wild-type MDCK cell line and a J-D10
cell line lacking the function of Bst2 gene (A: viral antigenic
proteins 1n total cell lysates; B: intracellular viral antigenic
protein per cells).

FI1G. 7 shows the results of comparing the increase 1n a
viral antigenic protein 1n a human 2937 cell line lacking the
function of Bst2 gene.

BEST MODE FOR CARRYING OUT TH.
INVENTION

(L]

Unless defined otherwise, all technical and scientific
terms used herein have the same meaming as commonly
understood by one of ordinary skill in the art to which the
invention pertains. Generally, the nomenclature used herein
and the experiment methods, which will be described below,
are those well known and commonly employed 1n the art.

In the present invention, 1t has been found that when Bst2
protein 1n an animal cell line 1s removed, the release of virus
from the animal cell line 1s promoted, the apoptosis of the
host cell 1s inhibited, the viral infection of the host cell 1s
significantly promoted, and the production of a target virus
and an antigenic protein 1s increased.

A cell line produced according to the method of the
present invention 1s characterized in that 1t 1s easily infected
with virus even when a smaller amount of virus and a shorter
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4

infection time are used, compared to a wild-type host cell,
and 1n that 1t produces a protein of the infected virus 1n
amounts larger than a wild-type host cell. In addition, the
cell line produced according to the method of the present
invention 1s characterized 1n that a virus produced 1n the cell
line after infection 1s more easily released from the cell
compared to that in a wild-type cell line and 1n that the
virus-infected cell 1s a stable cell having resistance against
apoptosis, which can produce the virus over an extended
period of time. Accordingly, the methods for promoting an
infection of the target virus and increasing the production of
the target protein according to the present invention can
increase the production yields of virus and antigenic protein,
and thus are usetful for the production of vaccines for the
prevention or treatment of viral diseases.

In one aspect, the present mvention 1s directed to a
method for promoting an infection of a target virus, the
method comprising infecting a cell line which lacks the
function of Bst2 gene and has the ability to produce virus,
with a target virus.

In the mvention, the method for promoting viral infection
increases the rate of infection with a target virus, and thus
can be applied to develop a novel vaccine against a viral
disease when a suitable cell line for culture of the virus does
not exist.

In another aspect, the present mvention 1s directed to a
method for increasing a production of a target virus, the
method comprising: infecting a cell line which lacks the
function of Bst2 gene and has an ability to produce virus,
with a target virus; and culturing the infected cell line.

In the present invention, “increasing a production of a
target protein” refers to increasing the absolute production
of a viral protein, that 1s, an antigenic protein.

In still another aspect, the present mnvention 1s directed to
a method for producing an antigenic protein, the method
comprising: infecting a cell line which lacks the function of
Bst2 gene and has an ability to produce virus, with a target
virus; and culturing the infected cell line.

In the present mvention, the method for promoting an
infection of a target virus and the method for increasing a
production of the infected virus have an advantage in that
they are capable of increasing the production of antigenic
protein and maximizing the efliciency with which the anti-
genic protein 1s purified. In addition, according to the
present invention, apoptosis 1s inhibited by viral infection so
that the cell mtroduction cycle i the production of an
antigenic protein can be minimized, and the release of viral
particles into a culture medium 1s promoted so that the
absolute production of an antigenic protein can also be
increased.

As used herein, the term ““ability to produce” means that
a virus 1nfect a host cell, and then 1s proliferated 1n the cell
so that the virus 1s released into an extracellular culture
medium.

As used herein, the term “lack of function” means mutat-
ing one or more nucleotides of Bst-2 gene 1n a cell, thereby
promoting infection of a virus 1nto the host cell, increasing
production of a desired virus, promoting release of the virus
into the extracellular culture medium, and inhibition of
apoptosis of the host cell.

As used herein, the term “promoting infection” means
mutating one or more nucleotides of Bst-2 gene 1n a cell,
thereby enabling a small number of viruses to infiltrate the
host cell within a short time.
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As used herein, the term “promoting production” means
mutating one or more nucleotides of Bst-2 gene 1n a cell,
thereby increasing the amount of viral proteins 1n a cell per
host cell.

As used herein, “antigenic protemn” refers to a generic
name of the antigen produced by an infected virus. These
proteins are mvolved 1n the virulence or antigenicity of the
virus and the host cell can recogmze this, which shows the
protective eflect of the imnfection of the virus. The influenza
virus particles have surface antigens defined as 16 kinds (H1
to H16) of the hemagglutinin (HA) and 9 kinds (N1 to N9)
of neuraminidase (NA) and an S antigen (1.¢., an antigen
mainly defined as a ribonucleic protein NP antigen), and are
divided into A type, B type, and C type by the serological
specificity of the S antigen.

As used herein, the term “apoptosis” means a process 1n
which a cell actively consumes the bioenergy ATP, leading
to death. Apoptosis comprises the shrinkage of cells, the
regular cleavage of DNA, and the fragmentation of the cell
membrane, which are induced when cells cannot maintain
their normal function due to abnormal cell division, radia-
tion, UV light, bacterial infection or viral infection.

As used herein, the term ‘“virus” means a virus that can
cause a disease 1n humans or animals Preferably, the term
means 1ntluenza and herpesvirus. More preferably, 1t means
one selected from the group consisting of PAHIN1, A/HINI,
A/H3N2, and MHV6R, but 1s not limited thereto.

In the present invention, the virus may be an enveloped or
naked virus. Herein, the term “naked virus” refers to a virus
consisting only of nucleic acid, protein or capsid, and the
term “enveloped virus™ refers to a virus having an envelope
covering the capsid.

In the present invention, the virus may be a DNA or RNA
virus. Herein, the DNA virus 1s a virus that have DNA as its
genetic material, and examples thereol include ssDNA,
dsDNA herpes virus), and circular DNA viruses. The RNA
1s a virus that has RINA as 1ts genetic material, and examples
thereol include (-)ssRNA (influenza virus), (+)ssRNA and
dsRINA viruses.

In the present invention, the cell line having an ability to
produce virus can be used wrrespective of 1ts kind as long as
it 1s used to develop vaccines for the prevention or treatment
of viral diseases. Preferably, an animal cell line may be used.
More preferably, the cell line may be any one selected from
the group consisting of a 293T human cell line, MDCK,
Vero and a mouse fibroblast, but 1s not limited thereto.

MDCK (Madin-Darby Canine Kidney) cells that are used
in the present mvention are epithelioid cells derived from
canine kidneys, and Vero cells that are used in the present
invention are cells derived from monkey kidneys. The two
types of cell lines are susceptible to hepatitis virus, vaccima
virus and influenza virus, and thus are most frequently used
in viral production and research.

In the present imvention, the cell line, which lacks the
function of Bst2 gene and has an ability to produce virus, 1s
preferably obtained either by deleting one or more nucleo-
tides from the exonl region of Bst2 gene or by inserting one
or more nucleotides 1nto the exonl region of Bst2 gene that
encodes the cytoplasmic domain of Bst2 protein, but 1s not
limited thereto.

In the present invention, mutant cell lines were produced
by deleting or mserting 1-15 nucleotides from or into the
exonl region of Bst2 gene, which 1s represented by SEQ 1D
NO: 1 or 2.

In an example of the present mvention, 10 mutant cell
lines, which comprise a mutated allele and have an increased
ability to produce virus, were produced by deleting or
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iserting one or more nucleotides from or into the exonl
region of Bst2 gene of an MDCK cell line, which 1s
represented by SEQ ID NO: 1.

[SEQ ID NO: 1]
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAACTGACGA

GTCAGAGTCAATGTCATCAAGTCAGAAGCTGAGCTGGCTGGAGTGGEC TG
GCATCT TGGGGATCCCAGTGGTGATGGGTCTGTCTGTGGCTCTGATCATC
TTTGTTGT CAAGACCAACAGCAAAGCCTGCGGEGGATGGCCTCCTAGTAGA
GCAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCARAD
CCCGGCAAGCGTTACAGGGGACCATGGACCAGGCTACCACCTGCAACAAG
ACTGTG

In an example of the present invention, mutant cell lines
lacking the function of Bst2 gene were produced by deleting
or mserting 1-10 nucleotides from or 1nto positions 435 to 54
of SEQ ID NO: 1. These mutant cell lines may include cell
lines having any one of nucleotide sequences of SEQ ID
NOs: 3 to 8 and SEQ ID NOs: 17 to 21, and preferably may
be K-E4, J-C10, I-D10, D-E2, K-G3, J-E2, H-G35, 8-D8,
14-F11 and 12-B8.

[SEQ ID NO: 3]
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAACTGA-AG

TCAGAGTCAATGTCATCAAGT CAGAAGCTGAGCTGGCTGGAGTGGCT GGG
CATCTTGGEGEEATCCCAGTGOTGATGGGETCTGTCTGTGGCTCTGATCATCT
TTGTTGTCAAGACCAACAGCAAAGCCTGCGGGEGATGGCCTCCTAGTAGAG
CAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCAAAC
CCGGCAAGCOGTTACAGGGGACCATGGACCAGGCTACCACCTGCAACAAGA
CTGTG

[SEQ ID NO: 4]
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAAC - ACGAG

TCAGAGTCAATGTCATCAAGT CAGAAGCTGAGCTGGECTGGAGTGGCT GGG
CATCTTGGGGATCCCAGTGOTGATGGGTCTGTCTGTGGCTCTGATCATCT
TTGTTGTCAAGACCAACAGCAAAGCCTGCGOGGGATGGCCTCCTAGTAGAG
CAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCAAAC
CCGGCAAGCOGTTACAGGGGACCATGGACCAGGCTACCACCTGCAACAAGA
CTGTG

[SEQ ID NO: 5]
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAACT -- --A

GTCAGAGTCAATGTCATCAAGTCAGAAGCTGAGCTGGCTGGAGTGGC TG
GCATCTTGGGGATCCCAGTGGTGATGGOGTCTGTCTGTGGCTCTGATCATC
TTTGTTGTCAAGACCAACAGCAAAGCCTGCGGELGATGGCCTCCTAGTAGA
GCAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCARAD
CCCGGCAAGCGTTACAGGGGACCATGGACCAGGCTACCACCTGCAACAAG
ACTGTG

[SEQ ID NO: 6]
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAACT - - -GA

GTCAGAGTCAATGTCATCAAGTCAGAAGCTGAGCTGGCTGGAGTGGC TG
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-continued

GCATCTTGGGGATCCCAGTGGTGATGGGTCTGTCTGTGGCTCTGATCATC
TTTGTTGTCAAGACCAACAGCAAAGCCTGCGGEGGEATGGCCTCCTAGTAGA
GCAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCARAD
CCCGGCAAGCGT TACAGGGGACCATGGACCAGGCTACCACCTGCAACAAG
ACTGTG-3"

|ISEQ ID NO:
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAAC----GA

GTCAGAGTCAATGTCATCAAGTCAGAAGCTGAGCTGGCTGGAGTGEC TG
GCATCTTGGGGATCCCAGTGGTGATGGGETCTGTCTGTGGCTCTGATCATC
TTTGTTGT CAAGACCAACAGCAAAGCCTGCGGEGGEATGGCCTCCTAGTAGA
GCAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCCARAD
CCCGGCAAGCGT TACAGGGGACCATGGACCAGGCTACCACCTGCAACAAG
ACTGTG

|ISEQ ID NO:
ATGGCACCTACGCTTTACCACTACTACTGGCCTGTGCCCATAACTGACGA

CGAGTCAGAGTCAATGTCATCAAGT CAGAAGCTGAGCTGGCTGGAGTGGC
TGGGCATCTTGEGEEATCCCAGTGGETGATGGGETCTGTCTGTGGCTCTGATC
ATCTTTGTTGTCAAGACCAACAGCAAAGCCTGCGOGGGATGGCCTCCTAGT
AGAGCAGGAGTGTCACAATGTCACCAGCCTCCTGGAGCGCCAACTAACCC
AAACCCGLCAAGCGTTACAGGGGACCATGGACCAGGCTACCACCTGCAAC
AAGACTGETG

|ISEQ ID NO:
Atggcacctacgctttaccactactactggcctgtgceccataactgacet

atgagagtcagagtcaatgtcatcaagtcagaagctgagctggectggagt
ggctgggcatcttggggatcccagtggtgatgggtctgtetgtggetcetg
atcatctttgttgtcaagaccaacagcaaagcectgeggggatggectect
agtagagcaggagtgtcacaatgtcaccagcctectggagegecaactaa
cccaaacccggcaagcgttacaggggaccatggaccaggctaccacctgce
aacaagactgtggtgaccctgtcagcttecctggtgaaggagaaggcoctyg
gggtcaggagcagctcacccecgaggagagaaacttcagggagagatcgaga
cattgaagcagcagctgcaggccgcetttggaggaggtgaagcagctaaga
gaagggaaggaggcctcaagcaaggaaagggaaaccagctcecegtcagete
cttgaaggcacccceceeggcetecgtggtggteccegtgtacetgetectag
gccttagggcetcectgetggectga

|SEQ ID NO:
Atggcacctacgctttaccactactactggcectgtgeccataactga-- -

gtcagagtcaatgtcatcaagtcagaagctgagctggctggagtggetgg
gcatcttggggatceccagtggtgatgggtectgtetgtggetetgatcecatc
tttgttgtcaagaccaacagcaaagcctgeggggatggcectectagtaga
gcaggagtgtcacaatgtcaccagcctectggagecgccaactaacccaaa

cceggcaagegttacaggggaccatggaccaggctaccacctgcaacaayg

actgtggtgaccctgtcagcttcececctggtgaaggagaaggcectggggtcea

17]

18]
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-continued
ggagcagctcacccgaggagagaaacttcagggagagatcgagacattga

agcagcagctgcaggccgcetttggaggaggtgaagcagcectaagagaaggyg
aaggaggcctcaagcaaggaaagggaaaccagctcececgtcagetecttgaa
ggcaccccceecggcetecgtggtggteccegtgtacctgetectaggectta

gggctctgctggectga

|ISEQ ID NO:
Atggcacctacgctttaccactactactggectgtgeccataactga-ga

gtcagagtcaatgtcatcaagtcagaagctgagctggctggagtggetygyg
gcatcttggggatcccagtggtgatgggtctgtectgtggectcectgatcatce
tttgttgtcaagaccaacagcaaagcctgeggggatggectectagtaga
gcaggagtgtcacaatgtcaccagcectectggagegceccaactaacccaaa
cceggcaagegttacaggggaccatggaccaggctaccacctgcaacaayg
actgtggtgaccctgtcagcecttecctggtgaaggagaaggectggggtcea
ggagcagctcacccecgaggagagaaacttcagggagagatcgagacattyga
agcagcagctgcaggccgcetttggaggaggtgaagcagctaagagaaggyg
aaggaggcctcaagcaaggaaagggaaaccagctcececgtcagetcecttgaa
ggcaccccceccecggctecgtggtggteccegtgtacctgetectaggectta

gggctctgctggectga

|SEQ ID NO:
Atggcacctacgctttaccactactactggectgtgeccataa-------

- --agagtcaatgtcatcaagtcagaagctgagcetggectggagtggetgg
gcatcttggggatcccagtggtgatgggtctgtectgtggectctgatcatce
tttgttgtcaagaccaacagcaaagcctgecggggatggectectagtaga
gcaggagtgtcacaatgtcaccagcectectggagegccaactaacccaaa
cccggcaagcegttacaggggaccatggaccaggctaccacctgcaacaag
actgtggtgaccctgtcagcecttcececctggtgaaggagaaggcectggggtca
ggagcagctcacccecgaggagagaaacttcagggagagatcgagacattga
agcagcagctgcaggccgcetttggaggaggtgaagcagcectaagagaaggyg
aaggaggcctcaagcaaggaaagggaaaccagctcececgtcagetecttgaa
ggcaccccceecggcetecgtggtggteccegtgtacctgetectaggectta

gggctctgctggectga

|ISEQ ID NO:
Atggcacctacgctttaccactactactggectgtgeccata---gacga

---agagtcaatgtcatcaagtcagaagctgagctggctggagtggctgg
gcatcttggggatcccagtggtgatgggtctgtectgtggcectctgatcatc
tttgttgtcaagaccaacagcaaagcctgecggggatggectectagtaga
gcaggagtgtcacaatgtcaccagcctcecctggagecgceccaactaacccaaa
ccocggcaagcegttacaggggaccatggaccaggcetaccacctgcaacaag
actgtggtgaccctgtcagettecectggtgaaggagaaggectggggtca
ggagcagctcacccgaggagagaaacttcagggagagatcgagacattga
agcagcagctgcaggccgctttggaggaggtgaagcagctaagagaaggyg

aaggaggcctcaagcaaggaaagggaaaccagctcececgtcagetecttgaa

19]

20]

21]



US 10,526,393 B2

9

-continued
ggcacccceccoccggceteegtggtggteccegtgtaccectgetectaggectta

gggctctgctggcectga

In an example of the present invention, the nucleotide

sequences of the produced mutant cell lines were analyzed,

and as a result, it could be seen that a frameshift mutation in
the alleles of K-E4, J-C10, J-D10 and 14-F11 cells from

MDCK cells occurred.

As used herein, the term “frameshift mutation” means a
deletion or 1nsertion of 1, 2 or more nucleotides (other than
a multiple of 3) that result in a change 1n a frameshiit that
can read a genetic code of three nucleotides.

Among the mutant cell lines, J-D10 was deposited under
the accession number KCLRF-BP-00283.

In another example of the present invention, 2 mutant cell
lines, which comprise a mutated allele and have an increased
ability to produce virus, were produced by deleting one or
more nucleotides from the exonl region of Bst2 gene of a

Vero cell line, which 1s represented by SEQ ID NO: 2.

[SEQ ID NO: 2]
ATGGCACCTATTTTGTATGACTATTGCAAAATGCCCATGGATGACATTTG

CAAGGAAGACAGGGACAAGTGCTGTAAACTGGCCOTAGGAATTCTGGGEGEC
TCCTGGTCATAGTGCTTCTGGGOGETGCCCCTGATTTTCTTCATCATCAAG
GCCAACAGCGAGGCCTGCCAGGATGGCCTCCOGGCAGTGATGGAGTGTCA
CAATGTCACCTATCTCCTGCAACAAGAGCTGGCCGAGGCCCAGCGGGGCT

TTCGGGACGCAGAGGCCCAGGCTOGT CACCTGCAACCAGACTGTG

In an example of the present invention, mutant cell lines
lacking the function of Bst2 gene were produced by deleting
1-12 nucleotides from positions 116 to 130 of SEQ ID NO:
2. These mutant cell lines may include cell lines having any
one of nucleotide sequences of SEQ ID NOs: 9 and 10, and
preferably may be D-D8 and G-D3.

[SEQ ID NO: 9]
ATGGCACCTATTTTGTATGACTATTGCAAAATGCCCATGGATGACATTTG

CAAGGAAGACAGGGACAAGTGCTGTAAACTGGCCOGTAGGAATTCTGGGGC
TCCTGGTCATAGTGC---------- - - CCCTGATTTTCTTCATCATCAAG
GCCAACAGCGAGGCCTGCCAGGATGGCCTCCOGLGCAGTGATGGAGTGTCA
CAATGTCACCTATCTCCTGCAACAAGAGCTGGCCGAGGCCCAGCGGGGCT
TTCGGGACGCAGAGGCCCAGGCTGOGT CACCTGCAACCAGACTGTG

[SEQ ID NO: 10]
ATGGCACCTATTTTGTATGACTATTGCAAAATGCCCATGGATGACATTTG

CAAGGAAGACAGGGACAAGTGCTGTAAACTGGCCOGTAGGAATTCTGGGGC
TCCTGGTCATAGTGCTTCTGOGOGOGOGTGCCCTGATTTTCTTCATCATCAAGG
CCAACAGCGAGGCCTGCCAGGATGGCCTCCOGLCAGTGATGGAGTGTCAC
AATGTCACCTATCTCCTGCAACAAGAGCTGGCCGAGGCCCAGCGGGGCTT

TCGGGACGCAGAGGCCCAGGCTGTCACCTGCAACCAGACTGTG

In another example of the present invention, 3 mutant cell
lines, which comprise a mutated allele and have an increased
ability to produce virus, were produced by deleting or
iserting one or more nucleotides from or mto the exonl
region ol Bst2 gene of the 293T human cell line, which 1s

represented by SEQ ID NO: 24,
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[SEQ ID NO: 24]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

TAAGCGCTGTAAGCT TCTGCTGGGGATAGGAATTCTGGTGCTCCTGATCA
TCOTGATTCTGEEEETGCCCT TGATTATCTTCACCATCAAGGCCAACAGC
GAGGCCTGCCOGGGACGGCCTTCGGGCAGTGATGGAGTGT CGCAATGTCAC
CCATCTCCTGCAACAAGAGCTGACCGAGGCCCAGAAGGGCTTTCAGGATG
TGGAGGCCCAGGCCGCCACCTGCAACCACACTGTGGTAAGCTCCTCAACT
CCTTTGGATGGCCTAGTACTAGGCGGTGGGAGGGACAAGAATCTCTCCCC
AGAAATCTGACCCAGGGTGGGETCTCCAGGGAGATGCAGGGGAGGTCCTGA
AACTGCTCCTGGGCCCCCACATCAAGGGACCTAGGTTCCCCTACCAGGGT
TTGTGGGCCCCTAACCCAGTCCAGGGCACTGGTGTAGGGGCAGGGTGTTA
ARACTCTCCAGATCCCCCAAATCOGLGEGACCTCAGTATCCCCCTGGGACTT
AGGTGAATTTATAAATTCTTTCCAGGGCACTGGTGT CGGGGGLCCTTGAAA
CTCCTCETGGEGECACCAGTCCTGOOOGAGTAGAAATCCCTATTCAGGGTTG
AAGGGEGACCTCACCAGACCCTGAAARAAGGGGGCTTTTGAAATTTTCACT
TCATCCCTAAGAAACTGAAATAT TCACCTGGGTCCTGATATGGGGGEATCT
TGAAACTCTCGCTGGGCATGT CACTTGGGCGGGGAAATCCCACTGCATTC
TGGATT TGGTAGGGCCCTCTAACTTTTCTTGGGCCATTGCTCAGGCAATC
TGGAAATGTCCACTAAACT TTGGTTATCGATAGCCTCCAAGTTTCCACGT
GGEGGETGGCCTCAAAACTCCCATTTTGAGGACCCACATGCTTATGGETGEC
CCTGGGAGAGTGTGTGGTTGTGGCTGTTCTTTAAGGTTGGAGACCATGGT
GCAGAGAGGGTTGGAAGAAAACCTGAAAGGGGTTTGCATTTAAGCCCCTC
TGTCCCCAGGACCTAGGGAGGAGGCCCAGGTCCCAGGGGCAGCAGCCAAA
CTCCCCAGGCCAAAACCCCAGATTCTAACTCTTCTTAGATGGCCCTAATG
GCTTCCCTGGATGCAGAGAAGGCCCAAGGACAALAAGALAAGTGGAGGAGCT
TGAGGGTGAGAAAGGGAGAAGGGAGAGGGC CGLGELAGGEGETGAGT CAGGT
ATGGEAAGAGGGEETOEEEECAGLGGAGACCAGGGC TGGCAGGT TGGGGETAAG
GEGGEAGGT TCTGTCCCAGAGTGGAGCAGGGCCCCAGCATGGCCACATGCT
GACCCGCCCCCTGTTTCTGTCCTCCCACCCTACCAGGAGAGATCACTACA
TTAAACCATAAGCTTCAGGACGCGTCTGCAGAGGTGGAGCGACTGAGGTC
AGAGATAGCCTTCCCCCGCTACCCTCCACCTGCCACATTCCTCTCACCCC
CACATCCCTAGCCCAAGACCCAGGATCTCCTTTGCTCCCAAAATCCCCAT
TGCCCCAAGGGATAAAGTTTGAGTCCCACAAAAGGATAACTTAGCCCCTA
GGGTCACAGAGCCATGGGETGGCCGCTGTCCATTCCCTCCCCOGGTGACTTG
GATTGGGGECGEETGCGEEEEGEAACTCCCGGLEEECGETGEGECT TACAGGGAG
GGCGGCAGGAGCCAGGACGAGCAGATGCCTGATTTGCCATCTGTACCGCA
GAAGAGAAAACCAGGTCTTAAGCGTGAGAATCGCGGACAAGAAGTACTAC
CCCAGCTCCCAGGACTCCAGCTCCGCTGCGGCGCCCCAGCTGCTGATTGT

GCTGCTGGGCCTCAGCGCTCTGCTGCAGTGA

In an example of the present invention, mutant cell lines
lacking the function of Bst2 gene were produced by deleting

3-27 nucleotides from or inserting 1 nucleotide into posi-
tions 51 to 100 of SEQ ID NO: 24. These mutant cell lines
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may include cell lines having any one of nucleotide
sequences ol SEQ ID NOs: 25 to 30, and preferably may be

D-19, B4 and B24.

[SEQ ID NO: 25]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

___________________________ GATAGGAATTC

[SEQ ID NO: 26]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

TAAGCGCTGTAAGCTTCTGCTGGGGATAGGAATTC- - - - - -

[SEQ ID NO: 27]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGARAGACGGGGA

TAAGCGCTGTAAGCTTCETGCTGGGEGATAGGAATTC

[SEQ ID NO: 28]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

TAAGCGCTGTAAGC - - - - - m = — - m e oo m - - -

[SEQ ID NO: 29]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

TAAGCGCTGTAAGCTTCTGCTGATAGGAATTC - - -

[SEQ ID NO: 30]
ATGGCATCTACTTCGTATGACTATTGCAGAGTGCCCATGGAAGACGGGGA

TAAGCGCTGTAA------- - TGGGGATAGGAATTC

In the methods of promoting viral infection and increasing,
viral production using a cell line lacking the function of Bst2
gene according to the present invention, the number of cells
used may be 1x10% to 1x107, preferably 5x10% to 5x10°,
more preferably 1x10° to 1x10°.

Virus 1noculated 1nto the cells 1s preferably infected at an
MOI of 0.0001-0.1 1n a 5% CO, incubator at 37° C., but 1s
not limited thereto. The infected virus may be cultured 1n a
fresh medium for 36-72 hours, and the medium may be
removed. The remaiming cells may be centrifuged under
suitable conditions, and the supernatant may be collected
and centrifuged at 1500-35000 rpm and 4° C. to 15° C. for 15
minutes, followed by collection of the supernatant.

In an example of the present invention, a viral antigenic
protein was produced by infecting a cell line which lacks the
function of Bst2 gene and having an ability to produce virus,
with a target virus, followed by culture to increase the
production 1 the target virus. The viral antigenic protein may
be used for production of a vaccine against for the preven-
tion or treatment of a viral disease.

Therelfore, 1n yet another aspect, the present invention 1s
directed to a method for producing a vaccine against a viral
disease, the method comprising using a viral antigenic
protein produced by the above-described method.

The vaccine composition may further contain a pharma-
ceutically acceptable adjuvant or excipient. Any adjuvant
may be used as long as it can serve to promote formation of
an antibody at the time of injecting the adjuvant into the
body to achieve the objects of the present invention. Par-
ticularly, the adjuvant that can be used in the present
invention 1s preferably at least one selected from among
aluminum (Al(OH),, or AIPO,), squalene, sorbitane, poly-
sorbate 80, CpG, liposome, cholesterol, monophosphoryl
lipid (MPL) A, and glucopyranosyl lipid (GLA) A., but 1s
not limited thereto.

EXAMPLES

Hereinafter, the present invention will be described in
turther detail with reference to examples. It will be obvious
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to a person having ordinary skill in the art that these
examples are 1illustrative purposes only and are not to be
construed to limit the scope of the present invention.

Example 1
Cell Lines Lacking the Function of Bst2 Gene

1-1: MDCK Cell Line
5x10° wild-type MDCK cells obtained from Professor

Moon-Jung Song (Korea University, Korea) were cultured

in DMEM complete (GIBCO) medium (containing 10%
FBS, and 2 mM L-glutamine, SM {3-mercaptoethanol, 10
ug/ml gentamicine, 50 U/ml penicillin, and 50 pug/ml strep-
tomycin) for 24 hours. Then, 15 ug of a mixture of a pair of
TALEN vectors (ToolGen, Korea) capable of binding to the
exon 1 region of the Bst2 gene, one reporter vector (Tool-

Gen, Korea) and Turbofect reagent, was added to the cul-
tured cells which were then incubated under the conditions
of 37° C. and 5% CO, for 48 hours. The cultured cells were
sorted by FACS Aria (BD Bioscience) to select 500 cells
positive to both GFP and RFP, and the selected cells were
seeded 1n a 96-well plate, thereby obtaining monoclonal
cells.

In order to confirm a mutation in the obtained monoclonal
cells, the genomic DNA was extracted and subjected to
polymerase chain reaction (PCR) using a dBst-2-F primer
represented by SEQ ID NO: 11 and a dBst-2-R primer
represented by SEQ ID NO: 12 under the following condi-
tions: 95° C. for 5 min, and then 25 cycles, each consisting
of 94° C. for 30 sec, 60° C. for 30 sec and 72° C. for 1 min,
followed by 72° C. for 10 min. The reaction product was
diluted to 107>, and subjected to PCR using an NdBst-2-F
primer represented by SEQ ID NO: 13 and an NdBst-2-F
primer represented by SEQ ID NO: 14 under the following

conditions: 95° C. for 5 min, and then 25 cycles, each
consisting of 94° C. for 30 sec, 60° C. for 30 sec and 72° C.

for 1 min, followed by 72° C. for 10 min.

[SEQ ID NO: 11]
5' -GGTCAGGATGGCTCCTATGC-3 !

[SEQ ID NO: 12]
5' -AACCTGACAGGGTCACCTGG- 3

[SEQ ID NO: 13]
5' -GTAGCCCCAGCCAAAGGTTTC-3

[SEQ ID NO: 14]

5' -AGGCCTCCCCATGCCCARAAC-31

The size of the reaction product was analyzed by elec-
trophoresis. As a result, it was shown that the cell lines
having a putative mutation in the exon 1 region represented
by SEQ ID NO: 1 had a normal PCR reaction product size
and two additional bands caused by cleavage with endonu-
clase, indicating that a mutation in the exon 1 region
occurred (FIG. 1, panel A).

To analyze the nucleotide sequences of the cell lines
confirmed to have a mutation, the PCR reaction product
treated with T7E1 enzyme (ToolGen, Korea) was digested
with Bgl-Xba, ligated with a pUCI18 vector, and then cul-
tured 1n a medium containing ampicillin and X-gal-IPTG,
thereby obtaining white colomies. Among the obtained white
colonies, 6 colonies were selected for each clone and
sequenced.

As a result, 1t was shown that, among 7 mutant cell lines

(K-E4, J-C10, J-D10, D-E2, K-G3, J-E2 and H-G5) having
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a deletion or msertion of nucleotides in the exon 1 region of
Bst2, 3 mutant cell lines (K-E4, J-C10 and J-D10) had a
frameshiit mutation that occurred 1n a pair of alleles.

1-2: Vero Cell Line
5%10° wild-type VERO cells (University of Southern
California, Chengyu Liang) were cultured in DMEM com-

plete (GIBCO) medium (containing 10% FBS, 2 mM L-glu-
tamine, SM pP-mercaptoethanol, 10 ug/ml gentamicine, 50

U/ml penicillin, and 50 pug/ml streptomycin) for 24 hours.
Then, 15 ug of a mixture of a pair of TALEN vectors
(ToolGen, Korea) capable of binding to the exon 1 region of
the Bst2 gene, one reporter vector (ToolGen, Korea) and
Turbotect reagent (Thermo, USA), was added to the cultured
cells which were then 1incubated under the conditions of 37°
C. and 5% CO, for 48 hours. The cultured cells were sorted
by FACS Ana (BD Bioscience) to select 500 cells positive
to both GFP and RFP, and the selected cells were seeded in
a 96-well plate, thereby obtaining monoclonal cells.

In order to confirm a mutation 1n the obtained monoclonal
cells, the genomic DNA was extracted and subjected to
polymerase chain reaction (PCR) using a dBst-2-F primer
represented by SEQ ID NO: 11 and an AGM-R primer
represented by SEQ ID NO: 16 under the following condi-
tions: 95° C. for 5 min, and then 25 cycles, each consisting
of 94° C. for 30 sec, 60° C. for 30 sec and 72° C. for 1 min,
tollowed by 72° C. for 10 min. The reaction product was
diluted to 107>, and subjected to PCR using an AGM-F
primer represented by SEQ ID NO: 15 and an AGM-R
primer represented by SEQ ID NO: 16 under the following
conditions: 95° C. for 5 min, and then 25 cycles, each
consisting of 94° C. for 30 sec, 60° C. for 30 sec and 72° C.
for 1 min, followed by 72° C. for 10 min.

|ISEQ ID NO:
51" -GAGGGGGAGATCTGGATGG-3 !

15]

|ISEQ ID NO:
5' -CTTCTCTGCATCCAGGGAAG-3"

16]

The size of the reaction product was analyzed by elec-
trophoresis. As a result, 1t was shown that two cell lines
having a putative mutation in the exon 1 region had a normal
PCR reaction product size and two additional bands caused
by cleavage with endonuclase, indicating that a mutation in
the exon 1 region occurred (FIG. 1, panel B).

The nucleotide sequences of the cell lines confirmed to
have a mutation were analyzed, and as a result, 2 mutant cell
lines (D-D8: hetero; and G-D35: knockout) having a deletion
or insertion of nucleotides 1n the exon 1 region of Bst2 were
identified.

1-3: Fibroblast Cell Line B2K

To produce a mouse fibroblast cell line (B2K) lacking
Bst2, 100 ng of MCA (3-methyl cholanthrene) was injected
into the thigh of 24-week-old Bst2 knockout mice (ISU
Abxis, Korea). After about 4 months, a tumor formed 1n the
thigh was detached and washed with 70% ethanol to remove
bacteria, after which 1t transferred into a dish containing
10% FBS and RPMI medium and was cut into fine pieces
using surgical scissors. The tumor pieces and 13 ml of
digestion solution (500 Unit/ml collagenase IV, 150 Unit/ml
DNase 1) were placed 1n a 50-ml conical tube and shaken 1n
a shaker at 250 rpm and 37° C. for 1 hour and 30 minutes.
The shaken solution was pipetted 3-5 times with a 10-ml
pipette to further disperse the pieces, and then filtered
through a nylon mesh and placed 1n a 50-ml fresh conical
tube. Then, the resulting solution was centrifuged at 1250
rpm for 5 minutes, and the supernatant was removed, after
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which the pellets were suspended 1n a fresh medium, filtered
through a nylon mesh, and centrifuged under the above-
described conditions. After removal of the supernatant, the
pellets were dissociated, seeded at a density of 2.4x10” cells
per 10 cm dish, and cultured to obtain a knockout tumor cell
line (B2K).

Meanwhile, to produce a wild-type tumor cell line
(MB19), 100 ug of MCA (3-methyl cholanthrene) was
injected into the thigh of 24-week-old B6 wild-type mice
(Orient Bio, Korea). After about 4 months, a tumor formed
in the thigh was detached and washed with 70% ethanol to
remove bacteria, after which 1t transferred into a dish
containing 10% FBS and RPMI medium and was cut into
fine pieces using surgical scissors. The tumor pieces and 13
ml of digestion solution (500 Umt/ml collagenase 1V, 150
Unit/DNase 1) were placed in a 50-ml conical tube and
shaken 1n a shaker at 250 rpm 37° C. for 1 hour and 30
minutes. The shaken solution was pipetted 3-5 times with a
10-ml pipette to further disperse the pieces, and then filtered
through a nylon mesh and placed 1n a 50-ml fresh conical
tube. Then, the resulting solution was centrifuged at 1250
rpm for 5 minutes, and the supernatant was removed, after
which the pellets were suspended 1n a fresh medium, filtered
through a nylon mesh, and centrifuged under the above-
described conditions. After removal of the supernatant, the
pellets were dissociated, seeded at a density of 2.4x107 cells
per 10 cm dish, and cultured to obtain a wild-type tumor cell
line (MB19).

The MHC class (KbDb(R1.21.2)-APC, CD1d(1B1)-PE),
LFA-1(207)-Cyc, and Bst2(e.B10927)biotin+Streptavidin-
PE of each of the Bst2 knockout tumor cell line (B2K) and
the Bst2 wild-type tumor cell line (MB19) was fluorescence-
stained, and the expression levels thereol were compared.

As a result, 1t was observed that MB19 normally
expressed Bst2, whereas the B2K tumor cell line did not
express Bst2. Thus, the B2K tumor cell line was used 1n the
following Example.

1-4: Human 293T Cell Line

5x10°> human 293T cells were cultured in DMEM com-
plete (GIBCO) medium (containing 10% FBS, 2 mM L-glu-
tamine, SM p-mercaptoethanol, 10 ug/ml gentamicine, 50
U/ml penicillin, and 350 pug/ml streptomycin) for 24 hours.
Then, 18 ug of a mixture of one CRISPR vector (ToolGen,
Korea) capable of binding to the exon 1 region of the Bst2
gene, one reporter vector(ToolGen, Korea), a Cas9 vector
and Fugene (Promega, USA), was added to the cultured cells
which were then incubated under the conditions of 37° C.
and 5% CO, for 48 hours. The cultured cells were sorted by
FACS Ana (BD Bioscience) to select 500 cells positive to
both GFP and RFP, and the selected cells were seeded 1n a
96-well plate, thereby obtaining monoclonal cells.

In order to confirm a mutation in the obtained monoclonal
cells, the genomic DNA was extracted and subjected to
polymerase chain reaction (PCR) using a HBst2-F1 primer
represented by SEQ ID NO: 22 and a HBst2-R1 primer
represented by SEQ ID NO: 23 under the following condi-
tions: 95° C. for 3 min, then 10 cycles, each consisting of 94°
C. for 30 sec, 72° C. for 30 sec, and 72° C. for 45 sec,
followed by 25 cycles, each consisting of 95° C. for 30 sec,
62° C. for 30 sec, and 72° C. for 45 sec.

[SEQ ID NO: 22]
5'-TGG CAC GGC CTA GGC ACT CA-3'

[SEQ ID NO: 23]
5'-GGA TAC TGA GGT CCC CGA TT-3'
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The size of the reaction product was analyzed by elec-
trophoresis, and then the nucleotide sequences of the cell

lines confirmed to have a mutation were analyzed. As a
result, 3 mutant cell lines (D19 Allele 1: 27 nucleotides
deleted, D19 Allele 2: 6 nucleotides deleted, B4 Allele 1: 1
nucleotide inserted, B4 Allele 2: 21 nucleotides deleted, B24
Allele 1: 3 nucleotides deleted, B24 Allele 2: 8 nucleotides
deleted) having a deletion or 1nsertion of nucleotides 1n the
exon 1 region of Bst2 were 1dentified.

Example 2

Promotion of Infection of Cell Line Lacking Bst2
Gene

2-1: Infection with Low MOI of Virus

To confirm the effect of promoting the infection of a cell
line lacking the function of Bst2 gene, the viral infection of
cell lines lacking the function of Bst2 was compared with
that of a wild-type MDCK cell line. In this Example, 8-D8,
14-F11 and 12-B8, each comprising a mutated allele, were
used which are cell lines having a frameshift mutation that
occurred 1 the exonl region of the Bst2 to completely
silence the expression of the Bst2 gene, 1n the same manner
as the J-D10 (accession number KCLRF-BP-00285) cell line
obtained 1 Example 1. The mutation sequences of 8-DS,
14-F11 and 12-B8 are represented by SEQ ID NOs: 17 to 21.
Specifically, 8-D8 comprises mutated alleles of SEQ ID
NOs: 17 and 18; 14-F11 comprises mutated alleles of SEQ
ID NOs: 19 and 20; and 12-B8 comprises mutated alleles of
SEQ ID NOs: 18 and 21.

Each type of wild-type MDCK cells and cells (5x10*
cell/well) lacking the function of Bst2 was injected for 30
minutes with A/H3N2 influenza virus that had been diluted
serially 2-fold from an MOD of 0.001. Then, the medium
was removed, and the cell layer was covered with agarose,
alter which the infected virus was grown for 48 hours.

As a result, 1t was shown that the cell lines lacking the
function of Bst2 were infected with the same efliciency as
the wild-type cell line, even though the number of virus
particles that infected the cell lines lacking the function of
Bst2 was about 5 of the number of virus particles that
infected the wild-type cell line (FIG. 2). This suggests that
removal of the Bst2 protein from host cells promotes the
infection of the host cells with virus.

2-2: Reduction m Viral Infection Time

Each type of wild-type MDCK cells and cells (5x10*

cell/well) lacking the function of Bst2 was infected with
0.0001 MOI of A/H3N2 influenza virus for 1 min, 5 min, 10

min, 20 min, 30 min and 1 hour. Then, the medium was
removed, and the cell layer was covered with agarose, after
which the infected virus was grown for 48 hours.

As a result, plaque formation 1n the cell lines lacking the
function of Bst2 was 3-6 piu/well at 1 min, which was 1.8
times higher than that in the wild-type cell line, 6-10
plu/well at 5 min, which was 1.7 times higher than that in the
wild-type cell line, and 9-14 piu/well at 10 min, which was
about 1.5 times higher than that in the wild-type cell line
(FIG. 3). At a sufhicient infection time of 20 minutes or more,
there was no di

Terence 1n plaque formation between the
wild-type MDCK cells and the cells lacking the function of
Bst2.

This suggests that virus can more easily penetrate cells
lacking the function of Bst2 within a shorter time and that
the viral infectivity of a cell line lacking the function of Bst2
1s significantly higher than that of a wild-type cell line.
Accordingly, 1t was found that the Bst2 protein not only
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inhibits the extracellular release of virus as reported previ-
ously, but also inhibits the penetration of virus 1mnto a host

cell. Namely, 1t can be seen that removal of the function of
Bst2 from cells increases the rate of the cells with a target
virus to thereby promote the infection of the cells with the
target virus.

Example 3

Increase 1in the Amount of Intracellular Viral

Protein 1n Cell Lines Lacking the Function of Bst2
(ene

3-1: Vero and MDCK Cell Lines

To confirm an increase in the production of viral antigenic
proteins 1n cell lines lacking the function of Bst2 gene, the
production of wviral antigenic proteins was compared
between wild-type Vero and MDCK cell lines and cell lines
lacking the function of Bst2. In this Example, the G-D35 and
I-D10 (accession number KCLRF-BP-00285) cell lines
obtained in Example 1 were used.

Wild-type Vero and MDCK cells and cells (5x10% cell/
well) lacking the function of Bst2 were infected with 0.1
MOI of A/H3N2 influenza virus for 30 minutes, and then the
medium was replaced with a refresh medium, followed by
culture for 36-72 hours. At each time point, viruses released
into the medium were removed, and the cells remaining at
the bottom of the culture flask were washed with PBS, and
then harvested, thereby obtaining cell lysates. The obtained
cell lysates were electrophoresed by SDS-PAGE, and then
analyzed by Western blotting with anti-HA monoclonal
antibody that recognizes large fragments of influenza virus
HA proteins.

As a result, 1t was shown that the amount of influenza
virus protein 1n the G-D35 cells lacking the function of Bst2
gene was about S times larger at 36 hours after infection, and
about 15 times larger at 72 hours after infection, compared
to that 1 the wild-type cells (FIG. 5, panel A). In addition,
it was shown that the amount of influenza virus protein in the
I-D10 cells lacking the function of Bst2 gene was about 57
times larger at 36 hours after infection (FIG. 6, panel B).

3-2: Human 293T Cell Line

To confirm the effect of increasing the production of viral

antigenic protein by removal of the function of Bst2 gene
from human cells, Bst2 gene knockout 2937T cells (B4, B24

and D19, 2.5x10° cell/well) were infected with 0.01 MOI of
H3N2 (A/Brisbane/10/2007) influenza cells 1n a 24-well
plate for 30 minutes, and then cultured 1n a fresh medium for
2 days.

As aresult, 1t was shown by Western blot analysis that the
amount of viral protein 1n the Bst2 gene knockout 2937 cells
significantly increased, like those 1n Vero and MDCK cell
lines (FIG. 7).

Release of virus from a cell line lacking the function of
Bst2 gene 1s effectively achieved. Thus, 1f the growth rate of
virus 1n cells lacking the tunction of Bst2 gene 1s the same
as that 1n wild-type cells and 11 the release of virus from cells
lacking the function of Bst2 gene 1s much faster than that
from the wild-type cells, the amount of intracellular virus
not released from the cells lacking the function of Bst2 gene
1s expected to be much more than that 1n the wild-type cells.
However, the amount of virus released from the cells lacking
the function of Bst2 gene and the amount of virus remaining
in the cells also significantly increase.

Thus, the release of virus from the cells lacking the
function of Bst2 gene and the growth of virus 1n the cells are
promoted, indicating that the Bst2 protein can inhibit the
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growth of virus 1n host cells. Namely, 1t can be seen that the
growth of a target virus 1n cells lacking the function of Bst2
can be promoted so that the production of virus and anti-
genic protein therein can be increased.

18

As a result, 1t was shown that the amount of intracellular
influenza virus protein per cells i the G-D5 cells lacking the
function of Bst2 gene was about two times larger at 36 hours
alter infection, and about 17 times larger at 72 hours after
infection, compared to that 1in the wild-type cells (FIG. 5,

5
Example 4 panel B). In addition, it was shown that the amount of
intracellular influenza virus protein per cells 1 the J-D10
. . cells lacking the function of Bst2 gene was about 7 times
Inm:ease in the Amoupt of Intracell}llar Viral larger at 36 hours after infection compared to that in the
Proteins Per Cells Lacking the Function of Bst2 . wild-type cells (FIG. 6, panel B).
Gene This indicates that the amount of influenza virus con-
tained 1n the same number of cells 1s larger in cells lacking
In this Example, the amount of intracellular viral anti- the function of Bst2 gene than in wild-type cells. Thus, 1t
genic protein per cells ]acking the Tunction of Bst2 geNne was was found that the growth of virus 1n a cell line lacking the
analyzed. Because the apoptosis of cells lacking the function function of Bst2 gene 1s promoted, suggesting that the Bst2
of Bst2 gene is effectively inhibited even when these cells protembcan mhlbﬁt the %rmlml;}f V"ﬁls 1f11 host cellfs.Bl\Taénely,,
are infected with virus, the results of Example 3, there can It can be seen that cells lacking the Tunction ol bsts can
be a difference 1n cell number between wild-type cells and PI‘OdlﬁCE: Vlrushanc; protein 1n 111cre1,;aseQ amounts by promot-
. : : g the growth ol a target virus therein.
cells lacking the function of Bst2 gene, and for this reason, S S &
the amount of intracellular viral antigenic protein per cells ,, INDUSTRIAIL APPI ICABILITY
was analyzed.
ecifically, wild-type Vero and M cells and mutan s described above, the inventive methods for promotin
Specifically, wild-type Vi d MDCK cells and mutant Asd bed ab th t thods for p ting
cells (5x10% cell/well) lacking the function of Bst2 were an infection of a target virus and increasing a production of
infected with 0.1 MOI of A/H3N2 influenza virus for 30  the target protein by use of an animal cell line lacking the
minutes, and then the medium was replaced with a fresh 25 iunction of Bst2 gene can increase the production yields of
medium, followed by culture for 36-72 hours. At each time the target virus and antigenic protein, and‘thus are useful tor
. . . . the production of vaccines for the prevention or treatment of
point, viruses released into the medium were removed, and viral diseqses
cells TeiAIng at the bottom of the culture ﬂas!q WeLe Although the present imvention has been described in
washed with PBS, and then harvested, gﬁer which the . detail with reference to the specific features, it will be
amount of cell lysate was per cells (1x10 cells/ml). Cell apparent to those skilled 1n the art that this description is
lysate corresponding to 10* cells was electrophoresed by only for a preferred embodiment and does not limit the scope
SDS-PAGE, and then analyzed by Western blotting with of the present invention. Thus, the substantial scope of the
anti-HA monoclonal antibody that recognizes large frag- present invention will be defined by the appended claims
ments of influenza virus HA proteins. and equivalents thereof.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 30
<210> SEQ ID NO 1
<211> LENGTH: 306
<212> TYPE: DNA
<213> ORGANISM: dog
<400> SEQUENCE: 1
atggcaccta cgctttacca ctactactgg cctgtgceccca taactgacga gtcagagtca 60
atgtcatcaa gtcagaagct gagctggctg gagtggctgg gcatcttggg gatcccagtg 120
gtgatgggtc tgtctgtggce tctgatcatce tttgttgtca agaccaacag caaagcctgc 180
ggggatggcce tectagtaga gcaggagtgt cacaatgtca ccagectect ggagegecaa 240
ctaacccaaa cccggcaagce gttacagggg accatggacce aggctaccac ctgcaacaag 300
actgtyg 306
<210> SEQ ID NO 2
<211> LENGTH: 294
<212> TYPE: DNA
<213> ORGANISM: monkey
<400> SEQUENCE: 2
atggcaccta ttttgtatga ctattgcaaa atgcccatgg atgacatttg caaggaagac 60
agggacaagt gctgtaaact ggccgtagga attctggggce tcctggtcat agtgcttcetg 120
ggggtgcccecce tgattttcectt catcatcaag gccaacagcg aggcctgcca ggatggectc 180
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-continued

cgggcagtga tggagtgtca caatgtcacce tatcteoctgce aacaagagct ggccgaggcec

cagcggggct ttcgggacgce agaggcccag gctgtcacct gcaaccagac tgtg

<210> SEQ ID NO 3

<211> LENGTH:
<212> TYPE:

304
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 3

atggcaccta

gtcatcaagt

gatgggtctyg
ggatggcctc

dacccaaacdc

tgtyg

cgctttacca

cagaagctga

tctgtggctc

ctagtagagc

cggcaagcgt

«<210> SEQ ID NO 4

<211> LENGTH:
«212> TYPERE:

304
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 4

atggcaccta

gtcatcaagt

gatgggtctg

ggatggcctc

dacccaadacc

tgtg

cgctttacca

cagaagctga

tctgtggctc

ctagtagagc

cggcaagcgt

«<210> SEQ ID NO 5

<211> LENGTH:
«212> TYPE:

302
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 5

atggcaccta
catcaagtca
tgggtctgtc
atggcctcct

cCCaaacCcCccCcd

tg

cgctttacca

gaagctgagc

tgtggctctyg

agtagagcag

gcaagcgtta

<210> SEQ ID NO 6

<211> LENGTH:
<212> TYPERE:

303
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 6

ctactactgyg

gctggctgga

tgatcatctt

aggagtgtca

tacaggggac

ctactactgyg

gctggctgga

tgatcatctt

aggagtgtca

tacaggggac

ctactactgyg

tggctggagt
atcatctttyg

gagtgtcaca

caggggacca

cctgtgecca

gtggctgggce

tgttgtcaag

caatgtcacc

catggaccag

cctgtgceccca

gtggctgggce

tgttgtcaag

caatgtcacc

catggaccag

cctgtgceccca

ggctgggcat

ttgtcaagac

atgtcaccag

tggaccaggc

taactgaagt

atcttgggga

accaacagca

agcctcocectygyg

gctaccacct

taacacgagt

atcttgggga

accaacagca

agcctecectygyg

gctaccacct

taactagtca
cttggggatc
caacagcaaa
ccteoctggag

taccacctgc

cagagtcaat

tcccagtggt

aagcctgcecgyg

agcgccaact

gcaacaagac

cagagtcaat

tcccagtggt

aagcctgegyg

agcgccaact

gcaacaagac

gagtcaatgt

ccagtggtga

gcectgegggy

cgccaactaa

aacaagactg

atggcaccta cgctttacca ctactactgg cctgtgcecca taactgagtce agagtcaatg

tcatcaagtc agaagctgag ctggctggag tggctgggca tcecttggggat cccagtggtyg

atgggtctgt ctgtggctct gatcatcttt gttgtcaaga ccaacagcaa agcctgoggyg

240

294

60

120

180

240

300

304

60

120

180

240

300

304

60

120

180

240

300

302

60

120

180

20
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-continued

gatggcctcee tagtagagca ggagtgtcac aatgtcacca gcoctcectgga gcgccaacta

acccaaaccce ggcaagcegtt acaggggacc atggaccagg ctaccacctg caacaagact

gtg

<210> SEQ ID NO 7

<211> LENGTH:
«212> TYPE:

302
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 7

atggcaccta
catcaagtca
tgggtctgtc
atggcctcct

cCcCcaaaccCccCcd

tg

cgctttacca

gaagctgagc

tgtggctctyg

agtagagcag

gcaagcgtta

<210> SEQ ID NO 8

<«211> LENGTH:
<212> TYPE:

309
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 8

atggcaccta
tcaatgtcat
gtggtgatgyg
tgcggggatyg
caactaaccc

aagactgtg

cgctttacca

caagtcagaa

gtctgtetgt

gcctectagt

aaacccggca

<210> SEQ ID NO ©

<211> LENGTH:
<212> TYPE:
<213> ORGANISM: monkey

282
DNA

<400> SEQUENCE: 9

atggcaccta

agggacaagt

attttcttca
gagtgtcaca

cdygacydcad

ttttgtatga

gctgtaaact

tcatcaaggc

atgtcaccta

aggccecaggc

<210> SEQ ID NO 10

<211> LENGTH:
<212> TYPE:
<213> ORGANISM: monkey

<400> SEQUENCE:

atggcaccta

agggacaagt

ggggtgccct

gggcagtgat

293
DNA

10

ttttgtatga

gctgtaaact

gattttectte

ggagtgtcac

ctactactygg

tggctggagt
atcatctttyg

gagtgtcaca

caggggacca

ctactactgy

gctgagetgyg

ggctctgatc

agagcaggay

agcgttacag

ctattgcaaa

ggccgtagga
caacagcgag
tctcecctgcaa

tgtcacctgc

ctattgcaaa

ggccgtagga

atcatcaagyg

aatgtcacct

cctgtgecca

ggctgggcat

ttgtcaagac

atgtcaccag

tggaccaggc

cctgtgcecca

ctggagtggc
atctttgttyg

tgtcacaatyg

gggaccatgg

atgcccatgyg

attctggggc

gcctgcecagy

caagagctgy

aaccagactyg

atgcccatgyg

attctggggc

ccaacagcga

atctcctgca

taacgagtca

cttggggatc

caacagygcdaad

cctcocctggag

taccacctgc

taactgacga
tgggcatctt
tcaagaccaa
tcaccagcect

accaggctac

atgacatttg
tcctggtceat
atggcctcecg

ccgaggcecca

tg

atgacatttg

tcctggtceat

ggcctgcocag

acaagagctg

gagtcaatgt

ccagtggtga

gcectgegggy

cgccaactaa

aacaagactg

cgagtcagag
ggggatccca

cagcaaagcc

cctggagegce

cacctgcaac

caaggaagac

agtgcccctyg

ggcagtgatg

gcggggcttt

caaggaagac

agtgcttctyg

gatggcctcc

gccgaggcocc

240

300

303

60

120

180

240

300

302

60

120

180

240

300

309

60

120

180

240

282

60

120

180

240
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-continued

agcggggcett tcecgggacgca gaggceccagg ctgtcacctg caaccagact gtg

<210>
<211>
<«212>
<213>
<220>
223>

<400>

SEQ ID NO 11

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: dBst2-F primer

SEQUENCE: 11

ggtcaggatg gctcctatgc

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

SEQ ID NO 12

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: dBst2-R primer

SEQUENCE: 12

aacctgacag ggtcacctygg

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 13

LENGTH: 21

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: NdBst2-F primer

SEQUENCE: 13

gtagccccag ccaaaggttt ¢

<210>
<211>
<212 >
<213>
220>
<223 >

<400>

SEQ ID NO 14

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: NdBst2-R primer

SEQUENCE: 14

aggcctccece atgcecccaaac

<210>
<211>
<212 >
<213>
<220>
<223 >

<400>

SEQ ID NO 15

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: AGM-F primer

SEQUENCE: 15

gagggggaga tctggatgyg

<210>
<211>
<«212>
<213>
<«220>
<223 >

<400>

SEQ ID NO 1leo

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: AGM-R primer

SEQUENCE: 16

aggcctceccee atgceccaaac

<210>
<211>
<212 >

SEQ ID NO 17
LENGTH: 573
TYPE: DNA

293

20

20

21

20

19

20

24



<213> ORGANISM: dog

<400> SEQUENCE:

atggcaccta

gagtcaatgt

ccagtggtga

gcetgegggy

cgccaactaa

aacaagactyg

cagctcaccc

gccgcetttgg

gaaaccagct

ctgctcctag

17
cgctttacca
catcaagtca

tgggtctgtc
atggcctcect
cccaaacccyg
tggtgaccct
gaggagagaa
aggaggtgaa
ccgtcecagcetc

gccttagggce

<210> SEQ ID NO 18

<«211> LENGTH:
<212> TYPE:

564
DNA

<213> ORGANISM: dog

<400> SEQUENCE:

atggcaccta

tcatcaagtc

atgggtctgt

gatggcctcce

AcCccaaaccc

gtggtgaccc

cdaddgadgada

gaggaggtga

tcecgtcecaget

ggccttaggg

18

cgctttacca
agaagctgag
ctgtggctct
tagtagagca
ggcaagcgtt
tgtcagcttc
aacttcaggg
agcagctaag
ccttgaaggce

ctctgetggc

<210> SEQ ID NO 19

<211> LENGTH:
«212> TYPE:

5606
DNA

<213> ORGANISM: dog

<400> SEQUENCE:

atggcaccta

tgtcatcaayg

tgatgggtct

gggatggcct

taacccaaac

ctgtggtgac

cccgaggaga

tggaggaggt

gctccocgtcecag

taggccttag

19

cgctttacca

tcagaagcty

gtctgtggct

cctagtagag

ccggcaagcyg

cctgtcaget

gaaacttcag

gaagcagcta

ctccttgaag

ggctctgety

25

ctactactgyg
gaagctgagc
tgtggctcty
agtagagcag
gcaagcgtta
gtcagcttcce
acttcaggga
gcagctaaga
cttgaaggca

tctgctggcec

ctactactgyg

ctggcetggag
gatcatcttt
ggagtgtcac
acaggggacc
cctggtgaag
agagatcgag
agaagggaag
accccoceeggc

ctga

ctactactygg
agctggcetygg
ctgatcatct
caggagtgtc
ttacagggga
tcccectggtyga
ggagagatcg
agagaaggga
gcacccceocyg

gcctga
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cctgtgceccca

tggctggagt

atcatctttg

gagtgtcaca

caggggacca

ctggtgaadgg

gagatcgaga

gaagggaadgy

cceccocceggcet

tga

cctgtgcecca

tggctgggca
gttgtcaaga

aatgtcacca

atggaccagg
gagaaggcct
acattgaagc

gaggcctcaa

tCCgtggtgg

cctgtgcecca

agtggcetggyg

ttgttgtcaa

acaatgtcac

ccatggacca

addadgdaaydcC

agacattgaa

aggaggcctc

gctccecgtggt

-continued

taactgacct

ggctgggcat

ttgtcaagac

atgtcaccag

tggaccaggc
agaaggcctyg
cattgaagca

aggcctcaag

chtggtggt

taactgagtc
tcttggggat
ccaacagcaa
gcctectgga

ctaccacctyg

ggggtcagga

agcagctgca

gcaaggaaag

tcccocegtgta

taactgagag

catcttgggy

gaccaacagc

cagcctectyg

ggctaccacc

ctggggtcag

gcagcagctyg

aagcaaggaa

ggtccccecgtyg

atgagagtca
cttggggatc
caacagcaaa
ccteoctggag

taccacctgc

gggtcaggag

gcagctgcag

caaggaaagg

ccececgtgtac

agagtcaatg

cccagtggtyg

agcctgcggg

gcgccaacta

caacaagact

gcagctcacc

ggccgcetttyg

ggaaaccagc

cctgctccta

tcagagtcaa

atcccagtygy

aaagcctgeyg

gagcgccaac

tgcaacaaga

gagcagctca

caggccgcett

agggaaacca

tacctgctcc

60

120

180

240

300

360

420

480

540

573

60

120

180

240

300

360

420

480

540

564

60

120

180

240

300

360

420

480

540

566



<«210> SEQ ID NO 20

<211> LENGTH:
<212> TYPERE:

557
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 20

atggcaccta
gtcagaagct
tgtctgtggc
tcctagtaga
ccoeggcaagc
ccetgtcecage
agaaacttca
tgaagcagcet
gctccttgaa

gggctctgcet

cgctttacca

gagctggcetg
tctgatcatc
gcaggagtgt
gttacagggg
ttccectggty
gggagagatc
dagadaaddd

ggcacccccc

ggcctga

<210> SEQ ID NO 21

<211> LENGTH:
<212> TYPERE:

561
DNA

<213> ORGANISM: dog

<400> SEQUENCE: 21

atggcaccta
tcaagtcaga
ggtctgtctyg
ggcctcecctag
caaacccggc
gtgaccctgt
ggagagaaac
gaggtgaagc
gtcagctcct

cttagggctc

cgctttacca

agctgagctyg
tggctctgat
tagagcagga
aagcgttaca
cagcttccct
ttcagggaga
agctaagaga
tgaaggcacc

tgctggcecty

<210> SEQ ID NO 22
<211l> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
223> OTHER INFORMATION: HBst2-F1 primer

<400> SEQUENCE: 22

tggcacggcc

taggcactca

<210> SEQ ID NO 23
<211l> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: HBst2-R1 primer

<400> SEQUENCE: 23

27

ctactactgg
gagtggctgyg
tttgttgtca
cacaatgtca
accatggacc
aaggagaadd
gagacattga
aaggaggcct

ggctccgtgg

ctactactygg
gctggagtgyg
catctttgtt

gtgtcacaat

ggggaccatg
ggtgaaggag
gatcgagaca
aggdgaaggay
ccocoggetcec

a
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cctgtgceccca

gcatcttggy

agaccaacag

ccagcctcct

aggctaccac

cctggggtcea

agcagcagct

caagcaagga

tggtccceccogt

cctgtgecca

ctgggcatct

gtcaagacca

gtcaccagcc

gaccaggcta

aaggcctggy
ttgaagcagc

gcctcaagca

gtggtggtcc

-continued

taaagagtca

gatcccagtyg

caaagcctgce

ggagcgccaa

ctgcaacaag

ggagcagctc

gcaggccgcet

aagggaaacc

gtacctgctc

tagacgaaga

tggggatccc

acagcaaagc

tcctggagceyg

ccacctgcaa

gtcaggagca

agctgcaggce

dadgadadagydda

ccgtgtaccet

atgtcatcaa
gtgatgggtc
ggggatggcce
ctaacccaaa
actgtggtga
acccgaggag
ttggaggagyg
agctccgtca

ctaggcctta

gtcaatgtca

agtggtgatg

ctgcggggat

ccaactaacc
caagactgtg
gctcacccga
cgctttggag
aaccagctcc

gctcctaggc

60

120

180

240

300

360

420

480

540

557

60

120

180

240

300

360

420

480

540

561

20

28



ggatactgag

gtccccecgatt

<210> SEQ ID NO 24

<211> LENGTH:
<212> TYPE:

1881
DNA

<213> ORGANISM: human

<400> SEQUENCE: 24

atggcatcta

aagcttctgce

ttgattatct

atggagtgtc

tttcaggatyg

cctttggatyg

cccagggtgg

atcaagggac

ggtgtagggyg

cctgggactt

ctcectegtygy

tcaccagacc

tattcaccty

ggggaaatcc

tcaggcaatc

ggggtggcect

tgtgtggtty

acctgaaagy

tcccaggggc

ggccctaatg

tgagggtgag

gggtgggggc

tggagcaggyg

taccaggaga

gactgaggtc

cacatcccta

gataaagttt
gcegetgtec

ggcggtgggce

ctgtaccgca

cccagctccc

ctcagcgctc

cttcgtatga

tggggatadgg

tcaccatcaa

gcaatgtcac

tggaggccca

gcctagtact

gtctccaggy

ctaggttccc

cagggtgtta

aggtgaattt

gcaccagtcc

ctgaaaaagyg

ggtcctgata

cactgcattc

tggaaatgtc

caaaactccc

tggctgttet

ggtttgcatt

agcagccaaa

gcttcecccectgy

aaagggagaa

agggagacca

ccccagcecatyg
gatcactaca
agagatagcc
gcccaagacce

gagtcccaca

attccecectcecce

ttacagggag

gaagagaaaa

aggactccag

tgctgcagty

<210> SEQ ID NO 25
<211> LENGTH: 61

<212> TYPERE:

DNA

<213> ORGANISM: human

29

ctattgcaga
aattctggtg
ggccaacagc
ccatctcectg
ggccgcocace
aggcggtggy
agatgcaggg
ctaccagggt
aaactctcca
ataaattctt

tgggggagta

gggcttttga
tgggggatct
tggatttggt
cactaaactt
attttgagga
ttaaggttygg
taagcccctce
ctcceccaggce
atgcagagaa
gyggagagygc
gggctggagyg
gccacatgcet
ttaaaccata
ttccecceget
caggatctcc
aaaggataac
cggtgacttyg
gdgcggcagga
ccaggtctta

ctccecgetgeyg
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gtgcccatgy
ctccetgatcea
gaggcctgcec
caacaagagc

tgcaaccaca

agggacaaga
gaggtcctga
ttgtgggccc
gatccccoccaa
tccagggcac
gaaatcccta
aattttcact
tgaaactctc
agggccctcet
tggttatcga
cccacatget
agaccatggt
tgtccceccagy

cadadaaaccccd

ggcccaagga

CY999a4Yyyggy

ttggggtaag

gacccgcoccec
agcttcagga
accctcecacc
tttgctcccea

tCtagcccecta

gattgggdgcyg

gccaggacga

agcgtgagaa

gcgccoccagce

-continued

aagacgggga
tcgtgattet
gggacggcect
tgaccgaggc
ctgtggtaag
atctctcccc

aactgctcct

ctaacccagt

atcggggacc
tggtgtcggyg
ttcagggttyg
tcatccctaa
gctgggcatg

aacttttctt

tagcctccaa

tatgggtggc
gcagagagygygy
acctagggag
gattctaact
caaaagaaag
tgagtcaggt
ggggaggtte
ctgtttetgt
cgcgtcectgcea
tgccacattce

aaatccccat

gggtcacaga

gtgcgggggy

gcagatgcct

tcgcggacaa

tgctgattgt

taagcgctgt

gggggtgccce

tcgggcagtg

ccagaagggc

ctcctcaact

agaaatctga

gggcccacac

ccagggcact

tcagtatccc

ggccttgaaa

daadyygyygacc

gaaactgaaa

tcacttgggce

gggccattgc

gtttccacgt

cctgggagag

ttggaagaaa

gaggceccagy

cttettagat

tggaggagct

atggaagagg

tgtcccagag

cctoccoeccaccec

gaggtggagce

ctctcaccecec

tgccccaagyg

gccatgggtg

aactccecggy

gatttgccat

gaagtactac

gﬂtgﬂtgggﬂ

20

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1881

30



<400> SEQUENCE: 25
atggcatcta cttcgtatga
C

<210> SEQ ID NO 26
<211> LENGTH: 85
<212> TYPE: DNA

<213> ORGANISM: human
<400> SEQUENCE: 26
atggcatcta cttcgtatga
aagcttctge tggggatagg
<210> SEQ ID NO 27
<211> LENGTH: 86
<212> TYPE: DNA

<213> ORGANISM: human
<400> SEQUENCE: 27
atggcatcta cttcgtatga
aagcttcttg ctggggatag
<210> SEQ ID NO 28
<211> LENGTH: o4
<212> TYPE: DNA

<213> ORGANISM: human
<400> SEQUENCE: 28
atggcatcta cttcgtatga
aagc

<210> SEQ ID NO 29
<211> LENGTH: 82

<212> TYPE: DNA

<213> ORGANISM: human
<400> SEQUENCE: 29
atggcatcta cttcgtatga
aagcttctgce tgataggaat
<210> SEQ ID NO 30
<211> LENGTH: 77
<212> TYPE: DNA

<213> ORGANISM: human
<400> SEQUENCE: 30

atggcatcta cttcgtatga

aatggggata ggaattc
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31

32

-continued
ctattgcaga gtgcccatgg aagacgggga gataggaatt 60
61
ctattgcaga gtgcccatgg aagacgggga taagcgcetgt 60
aattc 85
ctattgcaga gtgcccatgg aagacgggga taagcegetgt 60
gaattc 86
ctattgcaga gtgcccatgg aagacgggga taagcgcetgt 60
64
ctattgcaga gtgcccatgg aagacgggga taagcegetgt 60
tcC 82
ctattgcaga gtgcccatgg aagacgggga taagcgcetgt 60
77

The invention claimed 1s:

1. A method for promoting an infection 1n a mammalian

60

cell line that 1s permissive to a target virus, the method

comprising:

preparing a virus-producing mutant cell line which lacks
the function of a Bst-2 gene by deleting or inserting
specific nucleotides from or into exonl region of the 65
Bst2 gene comprising the nucleotide sequence of SEQ

ID NOS: 1, 2 or 24, wherein the cell line 1s selected

from the group consisting of MDCK (Madin-Darbv

Canine Kidney), Vero and 29317 human cell, and
wherein the mutant cell line:

(1) comprises the sequence 1n exon I region of the Bst2

gene selected from the group consisting of SEQ 1D
NOS: 3 to 10, 17 to 21, 25, and 27; or

(11) consists of the sequence 1n exon I region of the Bst2
gene selected from the group consisting of SEQ 1D
NOS: 26, 28, 29, and 30; and
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infecting the mutant cell line with the target wvirus,
wherein the mutant cell line exhibits an increased
ability to produce the target virus by lacking the func-
tion of said Bst-2 gene.

2. A method for producing a target virus in a mammalian
cell line that 1s permissive to said target virus, the method
comprising;

preparing a virus-producing mutant cell line which lacks

the function of a Bst-2 gene by deleting or inserting
specific nucleotides from or into exonl region of the
Bst2 gene comprising the nucleotide sequence of SEQ

ID NOS: 1, 2 or 24, wherein the cell line 1s selected

from the group consisting of MDCK (Madin-Darbv
Canine Kidney), Vero and 293T human cell, and
wherein the mutant cell line:

(1) comprises the sequence 1n exon I region of the Bst2
gene selected from the group consisting of SEQ 1D
NOS: 3 to 10, 17 to 21, 25, and 27; or

(11) consists of the sequence 1n exon I region of the Bst2
gene selected from the group consisting of SEQ ID
NOS: 26, 28, 29, and 30;
infecting the mutant cell line with the target virus; and
culturing the mfected mutant cell line; wherein the mutant
cell line exhibits an increased ability to produce the
target virus by lacking the function of said Bst-2 gene.
3. A method for producing an antigenic protein of a target
virus 1n a mammalian cell line that 1s permissive to said
target virus, the method comprising:
preparing a virus-producing mutant cell line which lacks
the function of a Bst-2 gene by deleting or inserting
specific nucleotides from or into exonl region of the

Bst2 gene comprising the nucleotide sequence of SEQ
ID NOS: 1, 2 or 24, wherein the cell line 1s selected

from the group consisting of MDCK (Madin-Darbv
Canine Kidney), Vero and 293T human cell, and
wherein the mutant cell line:

10

15

20

25

30

35

34

(1) comprises the sequence 1n exon I region of the Bst2
gene selected from the group consisting of SEQ ID
NOS: 3 to 10, 17 to 21, 25, and 27; or

(11) consists of the sequence 1n exon I region of the Bst2
gene selected from the group consisting of SEQ 1D
NOS: 26, 28, 29, and 30;

infecting the mutant cell line with the target virus;

culturing the infected mutant cell line to amplify intrac-

cllularly said target virus; and

obtaining the intracellular viral protein from a cell lysate

of the cultured mutant cell line, thereby producing the

antigenic protein; wherein the mutant cell line exhibits
an increased ability to produce the target virus by
lacking the function of said Bst-2 gene.

4. The method of claim 3, wherein the wvirus 1s an
enveloped or naked virus.

5. The method of claim 4, wherein the enveloped virus 1s
influenza or herpesvirus.

6. The method of claim 3, wherein the virus 1s a DNA or
RINA virus.

7. The method of claim 3, wherein the cell line 1s infected
with the target virus at an MOI (multiplicity of infection) of
0.0001-0.1.

8. The method of claim 3, wherein the cell line 1s infected
at a cell density of 1x10* to 1x10” cells/ml.

9. The method of claim 3, wherein, wherein the infection

of the cell line 1s performed under a 5% CO, condition at 37°
C.

10. The method of claim 1, wherein the exonl region of
Bst2 (bone marrow stromal cell antigen 2) gene encodes the
cytoplasmic domain of Bst2 protein.

11. The method of claim 2, wherein the exonl region of
Bst2 (bone marrow stromal cell antigen 2) gene encodes the
cytoplasmic domain of Bst2 protein.

12. The method of claim 3, wherein the exonl region of
Bst2 (bone marrow stromal cell antigen 2) gene encodes the
cytoplasmic domain of Bst2 protein.
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